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Abstractd This work presents eight demonstrators and one future medig1][2]. Applications in the context of future media
showcase developed within the 5®&cast project. They delivery include ultrehigh-definition television service§d],
experimentally demonstrate and validate key technicaénablers  \anicular communicatia[4], objectbased content delivery,

for the future of media delivery, associated with multicast and . . . . . .
broadcast communication capabilities in & Generation (5G). In and immersive audigisual media services for popular live

5G-Xcast, three existing testbeds: IRT in Munich (Germany), €Vents wih potentially millions of concurrent audiend8}6].

5GIC in Surrey (UK), and TUAS in Turku (Finland), have been  TO deliver these new audigsual media services (and
developed into 5G broadcast and multicast testing networks, additionally including consumer interactivity) brings big
which enables us to demonstrate our vision of a converged 5G challenges to cellular networks based solely on unicast mode,
infrastructure with fixed and mobile accesses and terrestrial in particular whe there is simultaneous demand for the same

broadcast, delivering immersive audievisual media content. Built . . L
upon the improved testing networks, the demonstrators and piece of content by a large number of users. RoMultipoint

showcase developed in 5&cast show the impact of the technology (PTM) transmission such as broadcast and multicast can be a
developed in the project. Our demonstrations predominantly more efficient delivery mechanism compared to unicast
cover use cases belonging to two verticals: Media & Entertainment whenever a service or an applicatrequires the same content
and Public Warning, which are future 5G scenarios relevant to to be simultaneously delivered to multiple users or devices,
multicast and broadcast delivery. In this paper, we present the ayen when users are concentrated in one or a small number of

development of these demonstrators, the showcase, and the . .
testbeds. We also provide key findings from the experiments and cells and are interested in the same conféht Therefore,

demonstrations, whichnot only validate the technical solutions Multicast and broadcast communication capabilities are
developed in the project, but also illustrate the potential technical €ssential features for 5G applications in the future of media
impact of these solutions for broadcasters, content providers, delivery.

operators, and other industries interested in the future immersive The current 5G standardization by the 3rd Generation
media delivery. Partnership Project (3GPPashfocused so far on unicast, even

Index Termsd 5G, broadcast, multicast, demonstrators, media . -
and entertainment, public warning, immersive media content though 3GPP has enhanced in Rel éhe broadcast mode

delivery, testbeds. of the 4n Generation (4G) Long Term Evolution (LTE) set of
specifications [8][9], the enhanced Multimedia Broadcast
I. INTRODUCTION Multicast Service (eMBMS). Releadd is addressing

THE 5n Generation (5G) of mobile communication promiseénumcaSt and broadcast featurestfoe 5G system architecture

. N and the radio access network with 5G New Radio (B)
unprecedented capacity, performance arekilfility to . . :
i . The 5G Infrastructure Public Private Partnership-{&@P)
support a vast array of service8ne of the most prominent

nowadays, which deserves a lot of attention is the delivery Bpasell project 5GXcast [11] has designed, assessed and
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demonstrated a conceptually novel and foralaoking 5G takes account of the capabilities of the device, the environment
network architecture for large scale immersive media deliverg.nd t he user 6s preferences. Th
The intention here is to include broadcast/multicast as a critidedditional approach for delivering mediaervices. The
technology element in the second phase of 5G specificatiamaditional method of programme making is to capture audio

and as acomplement to unicast. Considering the forwarénd video content, edit it down to produce a single linear
compatibility of 5G NR, the design principle of 5G PTM is tocaudio/video stream and distribute or broadcast this to everyone.
ensure: 1) a seamless switching between unicast afdwever, this may result in compromises when it is being
broadcast/multicastl2]; 2) a smooth introduction of future viewed on certain devices in certain environments. For
PTM services and features with low impact on the architecturegsample, sizes of captions or audio mixes that are suitable for a

of both the network and user equipment (E3][14]. To this large screen TV in the living room environment may not be
end, it is required to first define relevant use cases foptimal for consumption on a smartphone on the bus. The OBM
broadcast/multicast, for which technical solutions should theroncept is similato the approach taken with a web page, which

be designed, experimentally alidated and finally is rendered differently in the browser depending on whether it
demonstrated. Recall that audiisual media services canis viewed on a mobile device or personal computer. This
generate considerably large volumes dé#ta traffic on rendering approach also opens the door to new content
networks, where the data demand could be unevenly distributexperiences and more immersive fornfierperience such as

over time and geographical areas. The target areas vagein wirtual and augmented reality and 36é€gree video.

from small regions to the entirety of multiple countries. At th%
same time, Quality of Experience (QoE) is strongly dependent ) o _
on maintaining sustained minimum data rates and low latencied® keYy requirement for PW applications is the secure and
to every user[15][16], regardless of the total number offeliable dellve_ry qf alert messages to t_he general _p_qpulatlon in
concurrent users. This is particularly challenging for ver§mergency situations. Broadcast andtivast capabilities can
popular live contene.g. sports) or unpredictable events (e.gnSure that PW messages reach a large number of users
breaking news) that tend to cause large traffic spikes. HenceSjnultaneously without causing network congestion or even
5G-Xcast, two vertical sectors are focused on, namely Medfignificantly increasing the traffic lodd7].

and Entertainment (M&E) and Public Warning (PW), and we Multimedia Public Warning AlerfThis use case concerns the

further identify three use ocas for demonstration purpose, adelivery of multimedia PW message to a selected area. More
follows: contextual information can be added, which would currently be

difficult to squeeze into the limitednsount of text an alert

A. Media and Entertainment Use Cases typically has. This additional information could include: a

In M&E use cases, broadcast and multicast transmissiogsographic map of area of the alert, a recommended route,
facilitate the distribution of audivisual media content and recommended actions, and alerts for multiple languages. These
services, particularly to cover popular live events for a vempay be provided as picture or video objects, in diffé object
large number of concurrent us¢t3][18]. types or resolution. Users can move between being outdoors or

Hybrid Broadcast Service (HB3h this use case, users haveindoors. They would receive the PW message when within the
access to any combination of linear and-finear audievisual —area of an active alert. Accessibility for visuailigpaired or
content in addition to social media. The content is diverse ahdaringimpaired users could be greatly improved by prowddi
includes multiple media types such as video, audio, text, afut example, audio for visuaHynpaired users, video with sign
data, possibly coming from various sources, e.g., differefgnguage for hearingmpaired users, or text for those users who
content providers. Audiwisual media services can bedo not need or want audio or video.
personalized and combined with other functionalities, such as
social media, loc&n-based features, interactivity, To experimentally demonstrate and validate theXa@st
interpersonal communications, and more. Access to content dadhnical solutions targetingpese use cases, we utilize three
media services is enabled on different user devices andté@stbeds, including two urban city testbeds at the Institute fiir
different environments. Content and services may be deliverBdindfunktechnik (IRT) in Munich (Germany) and Turku
over a combination of several networksd types of network University of Applied Sciences (TUAS) in Turku (Finland), and
simultaneousl!l y. Conti nui ty aafiversith @mpus5&mmpalibledestipedhe 5Gelmaovations h o u |
preserved when switching between different access networkEntre (5GIC) in Surrey (UK). The three testbeds are further
possibly operated by different operators. The population ektended in 5&Xcast to form 5G testing networks, equipped
concurrent users are potentially very large and mayith broadcast and multicast communication capabilities.
substantially change over short periods of t[ig. Together with the 5&cast partners we have built eight

ObjectbasedMedia (OBM) Under an OBM approadi9], demamstrators and one showcase based on the extended testing
the programme is captured in a conventional way but storedraworks. These present a showcase of the immersive media
a set of its component parts, be they audio, video, captionsdalivery in 5G. h the following sections, we will first describe
other material along with detailed metadata that describes htve development of three testbeds, then elaborate on the
these should be assembled. Theseponent parts are thendeveloped showcasad demonstrators, and finally discuss the
delivered separately and rendered on the device in a way tpatential of the demonstrated 5&ast technology solutions on

Public Warning use Case
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Fig. 1.Update of the IRT Munich testbed and integration of MooD.
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broadcasting societgnd industry. Note that more details andsolution that provides all the Core virtualized network functions
results of the showcase and demonstrators can be found in $&NFs) in addition with management tool that can be deployed
on only one server. The mdduarchitecture allows integration

into experimental saips.

Xcast public deliverabld20][21].

Il. DEVELOPMENT OF5GBROADCAST AND MULTICAST
TESTINGNETWORKS

are described in the following subsections.

A. IRT Munich Testbed

km, which pemits configuring the Multicast Broadcast Single

New functionalities in the context of eMBMS have been

provided by Expway with the novelty of integrating MBMS

Facilities for experimental purposes have been created @Peration on Demand (MooD) capabilities. With this, it is
recent years to test technologies for a number of applicatif@ssible to make the webrk aware of the concurrent demand
areas currentl targeted in 5G. The three testbeds used in tfy multiple users for a service or content item initially provided
5G-Xcast also incorporate fixed network capabilities to allowVith unicast. The detection against a-fiefined threshold can
the testing of convergence scenarios between mobile, broad&gtised to dynamically trigger the establishment of an MBMS
and fixed network§22]. The testbeds and their developmentiSer service to offload thenicast network. When concurrent

user demand for that same service/content drops below a

configurable level, the delivery mode can be configured to
transition back from broadcast to unicast.

The original test facilities in Munich implemented LTE Ex pway 0 s
Releasell eMBMS with a base station serving four sites vigompriseghe following components:
remote rat heads (RRH) ensuring synchronization for single - The Broadcast Multicast Service Center (B3@): the core
frequency network (SFN) operation. The sites are located in theilticast/broadcast functionalities that receive the content
area surrounding Munich, covering a wide part of its urban argbrough the xMB interface in unicast and converts into
The intersite distances are in the range between 1.8 and 198lticast data and sends to the MBMS Gateway (MBMS).

software

S i nst al

- The MBMSGW receives the multicast data and forwards

Frequency Network (MBSFN) with cyclic prefix (CP) 16.67 psit to all relevant eNodeB (eNB) in the network.

providing enough coverage for testing purposes. The sites are The Broadcast Provisioning Manager (BPM): the
operated in LTE band 28 (Frequency Division Duplexing provisioning manager that provides the web interface to
FDD, 706 to 716 MHz uplink, 76to 771 MHz downlink). The schedule the eMBMS services and control the-861

transmit power of the network is 400 W effective isotropic - The Consumption Report and Analytics receive the
consumption report messages from the middleware on the

radiated power (EIRP) per site/anteriaa].
The system supports the allocatiof broadcast and unicastphones, analyse the audience size and decide when to switch

services over the same carrier, i.e., while receiving eMBMgetween unicast and eMBMS delivery.
broadcast video additional programme information and on - The emulated Mobility Management Entity (MME) is used
demand content can be requested and served over unicast. to handle the control plane setup of the eMBMS session. Its

New functionalities have been integrated into the &sbtis p ur po s e

i s

aresult of the 5&Xcast project. The existing radio network wasot support eMBMS.

upgraded several times from its initially 3GPP Relekke
compatibility up to 3GPP Releadd compatibility. The Expway 6 s
existing core deployment, which was dedicated lab teftunct i onal i ty.

mi

to bypass

ddl ewar e

Al

t he MME

Expway has provided the Bittium phones with the latest

version
Expwaybs

software, was rdpced by a commercial product, the Nokianetwork is compatible with the eMBMS functionalities

Micro Core Network which is a unique integrate&W only-

specified in 3GPP Releadd.

S

[
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Note that the complete testbed is Releh$ecompliant. T Pmutics | ————
However, the RAN only supports the configurationofa 15 kH & N | Capabletransport |
sub-carrier spacing with extended CP. A diagram of the tes Cluster (02)\

. . . . e NZ ~
bed architecture is shown in Fig. 1. (i b N
. . .. a7 ¢ cc i \ (CM@1) CM(N)

A further aspect explored in the testbed is the provision o[ CPN UPN UPN UPN
services like those are available today by Hybrid Broadca - s Al aa lll a¥a
Broadband TV (HbbTV})24]. The live adaptation of a Moving "/ e | )
Picture Experts Group (MPEG) Transport Stream (MPE} e i e e T
to include HbbTV application signalling permits the NN e 4 e s || fesn O
transmission of regular TV services with the possibility tc R S i
display data associated to the programme at the UE. TI e e e
permits to use the smartphone as a TV tuner and provide acc UPN  UserPaneNode 1R N uNERSITY OF

. o . . [eo) Quster Controller N SURREY
to ondemand content without the need of a specific applicatic am Cluster Member D ey
but a standard one that depending on the service will be able Ve ronsmesaan N —
access different content servers. Fig. 2. 5GICFlat Distributed Cloud (FDC) Architecture wil® mulicas

In addition, the multlink capability was also deployed in the functionality.

I.RT Munich t?‘Stbed to enable th_e S|multaneou§ use of mu“'%"r‘oadcast/multicast specification More specifically, the
!lnks to deliver cont_ent. T.h's ethnology is _currently outdoor RAN, covering dense urban, urban, rural and
implemented over unlc_ast I|nk_s. I;—mﬂend performance motorways, consists of three macro cells equipped with 8T8R
measurgments for each “r.]k prowde different esaihd canr_lot (eightbranch transmit and eigbtranch receive) remote radio
be applied to PTM transmssmns. The challenge eXsast is units/activeantennasystemenabled RRHs along with 3&sll

to _extend the mglﬂ!nk concept to be used fqr cells with cloud RAN processing unit functions with
multicast/broadcast within the HBS so that users can benefit rﬂ)%grammable basebands. while the indoor RAN contains 6
only from seamless transitions between broadcast and multicast_ <141/ cells and dozéns of VFi access points. For the

tc_) micast.(and yice versa), and/or seamless unicast.ex_perie%?e network, 5GIC has signed its own fullyffeatured
side by side with broadcasts to others, but also-bigtiity virtualized evolved packageore with 5G Flat Distributed

transmissions. Cloud (FDC) componen{&5], e.g., cluster member (CM) and

The bonding device or software at the viewing user Sidcﬁfuster controller (CC), as shown Fig. 2 The 5GIC FDC
communicates with the bonding Gateway (GW) which is on t lution operates s ' a dynamic ACl uster

core network or even remotely, at the publisher or the clou shich can be dynamically erranged horizontally by

Tfh eseht\/v(f) imllt.'elf e>_<rchhange mformatlon_ ab(;a?t the Eerg)rmarg@ology/ user population load and vertically by network slicing
of each of the links. The content transmitted from the Gatew cording to user contexts. The architecture involves network

down to the viewing device is split over all available I|nksentities that can be scaled in andt due to a virtualized

operat(_)rs, techn_ologies or Internet Protocol  (IP) rO_UteﬁmpIementation, as well as a simple associaliased control

accordlngk;)lto d:th terlmr m(_)me_nta(rjy p_erformance.hThe (t:O dnttent Its th fAne, separated from the user plane which gives faster access,

reassembleal the viewing device as a conherent data streagq, performance and simple, stakeholder based scalable

ready_for viewing. The _Content itself is not manlpulated in anyecurity. The network is conteatvare, thusabling changing

vl_\llay, €. thel otlehverysll complet_ely argl;_nosgc to the content..onnection points and service and slice provisions dynamically
€nce complele seamiessness Is achieved. by user context, within radio constraints. The FDC core is also

B. 5GIC Surrey Testbed capable of selecting Internet/Intranet breakout points and re

5GIC regards an extensive fibre network as an essentfiifecting traffic according to context and contepplications
component of 5G networks, where its existing campige 5G requested by the users. One of the key innovations is the
testbed based on the University of Surieyhe UK is being realization of a control plane node where a-aoness stratum
further developed to allow 5G technology demonstration ¢NAS) control plane is integrated with common control
emerging PTM technologies. This aims to support increasi§@nalling (i.e., control plane plus user plane control). This
mobile broadband services, speed, capacity and coverage §¢P&lited and integrated signalling allows context awareness,
large numbers of mobile users or devices who are interizste"d full control plane and user plane separation. This approach
consuming broadcast/multicast content, all by using the saff@Proves the access speed and QoE, offering high flexibility
network. and capability to rapidly slice to suit user demographics.

Currently conducting worlvide research and innovation on  Léveraging orthe enabling functionalities (SDN, NFV and

software defined networks (SDN), network functiofMEC) in the Surrey testbed, SXcast aims to support new
virtualization (NFV) and mobile edge comijng (MEC), the objectbased media services which require flexible usage of
5GI C t eRAN Hastiedlexibility to offer outdoor/indoor time-frequency resources and guaranteed latency. For example,
services and develops a fully virtualized and componentizdy the OBM demonstration, PTM cabe used to deliver
network sliced architecture. This supports mainly LAt commonly used and bandwieltfeavy objects to the edge to

present and meets the requirements of 5G NR as well @¢rcome scarcity of resources in the network. This could either
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- application in the receiving device. Commercial Bittium Tough

— E Mobile devices with eMBMS support are used in the PW

— system demonstration. Further, spect manager and muiti

\ Public warning link device were integrated in the testbed for demonstrating the
RESSIE GERtON delivery of multimedia public warning messages using

broadcast, dynamic spectrum use and bonded connections.

D. From Testing to Demonstrations

The development of three testbeds enables testing and trials
sai for establishing the demonstrators and showsasevn in the
later section§28]. The Munich testbed hdeen utilized as the
laboratory for testing HBS with eMBMS, MooD and Multi
Link that brings different demonstrations as presented in
Sectionlll, IV, V, VI. The Surrey testbed has integrated OBM
be to a MEC node to overcome bandwidth limitations withifunctionalities in the 5G system and later this evolves the
the core or directly to the handset to reduce the use of ragligrecaster5G demonstrator as in Sectidih. The Turku
resources. Meanwhile, more bespoke, personalized and/or Igssthed has served the testing for PW and spectrum
bandwidthexpensive objects can be delivered ovecast. To management, leading to the demonstrator as in Sé¢tibn
this end, IP multicast capable transport is developed in the 5GIC

Surrey testbed, as shownFig. 2. Ill. EUROPEANCHAMPIONSHIPS2018:HYBRID BROADCAST
C. TUAS Turku Testbed SERVICE WITHLINEAR TV AND ADD-ON CONTENT

The TUAS 5G testbed focuses on spectrum below 6 GHz. 1he European Championships 2018 provided an opportunity

Currently the 700 MHz 5G candidate band and the 2.3 GHgr SGXcast toshowcase technical enablers for lasgale
Licensed Sharedccess (LSA) band are supported for L TE reatlife media content dellver{QQ]._A demonstrator on the
The 5G candidate band 3348 GHz has been added to thecOncept of Hybrid Broadcast Service hasrbeleveloped by
testbed. The test network sites are in TUAS campus arealfl @nd European Broadcasting Union (EBU), in collaboration
Turku, Finland. The testbed is an integral part of the 5G Te4{th the Nokia and Expway, combining the ability to convey
Network Finland (5GTNF) ecosyste®6], which coordinates traditional alwayson linear TV services in stat#f-the-art
the integration of the Finnish 5G testbeds. Current 5GTNMats as well as edemand content, event related
testbeds are located in Turku, Espoo, Oulu and Ylivieska. Information and access to social media.

In addit?on to the cellulgstystems, Fh_e testbed incorporatesn, Concept and Relation to Use Cases
}ﬁgﬁgﬁ:gﬂzi;m dgrs;\sdI%]'I\t/al\/vtkiltzwsspl)c;rz:ebrrg;izasl_t network,.l.h? demonstrator presents thg follqwing two concepts:
Further, a spctrum observatory network has been built in thg It;g/see;—\gncciﬂtee-lrgb'?'?/dsttgi di? dnﬂlrlerl])%tLorinm:dermcz
GlobalRF Spectrum Opportunity Assessment project in MPEG2 TS and transmitted over the LTE eMBMS

WIFIUS program, which was jointly funded by the National b : : :
. . . o roadcast system. The broadcast signal is received by
Science Foundation (NSF) in the US and Tekes in Finland. The stationary eMBMSenabled TV receivers and by

project built an international networof RF spectrum . . X
: . . smartphones simultaneously, without the need of unicast
observatories continuously collecting letegm spectrum data connectivity:

to study the trends in spectrum utilization and to identi% Users can access atidial ondemand content either via
frequency bands where spectrum sharing could be feasible. S
an HbbTV application on TV sets or a Hygezxt Markup

The TUAS 5G testbed is developed in the- %€ast project - .
to support eMBMS for demonstrating the PW system. The Language (HTMLbased application on mobile phones.

: . " ... The ondemand content is delivered over the LTE unicast
testbed is updated to contain the necessary network entities, link in mobile networks. This gives an outlook on the
e.g., MBMSGW and BMSC. The architecture developed for . ) 9 o

. . - coming technology convergence and future 5G capabilities

PW demonstrations is illustratad Fig. 3. of 5G

The alert originator using the one2manybiu Warning '
Platform (PWP) generates the PW messages, which are tiBnTechnical Description
transmitted to several users using PTM. The reception of theThe HbbTV concept, which is currently based on Digital
alert is triggered by a Google Firebase Cloud MessagiNgdeo Broadcasting (DVB) along with an auxiliary broadband
(GFCM) push message in the demonstrations using LTE radi@nnection, is extended to a framework in which the braadca
The triggeing will be updated for later trials once 5G NRsjgnal is carried over an LTE eMBMS session and the access to
mechanisms are available. This will also allow other types @hicast data is provided with LTE unicast. Target receivers
devices, such as reaunly devices with no uplink connection, ynder consideration are smartphones and tablets as well-as TV
to receive the alerts. When the alert is triggered, the contentjsts.

received via eMBS file download. Fina”y, the content of the MPEGTS is Speciﬁed as a container format to encapsulate
alert message is displayed to the user by a one2many alert

Bittium

Tough mobile NokiaeNB

Fig. 3.Architecture forthetransmission of public warning aleitsthe Turkt
testbed.
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audioand video streams together with programme and system

information. Three TV programmes are encapsulated with one

of them linked to the HbbTV service information. The main
video feed (say linear TV) can be delivered as a standard
compliant MPEGTS. HbbTV sevices are signalled through

the linear broadcast service in the-cadled application 3.

information table; the application (such as the red b8

enables autstart and is automatically loaded when the user

tunes in to the broadcast service. 4.

In this work, two different HbbTV applications are
developed, one meant to be displayed on as&éWand another

to be displayed on a smartphone. A demoristiagxample is

shown in Fig. 4llustrating (from 1 to 8) the different steps ands.

functionalities implemented as follows:

1. The main content igprovided by the EBU from the
European Championships venues via satellite and @s
encapsulated in a MPEGS alongside other live TV
programmes. HbbTV signalling is inserted pointing td/.
additional ordemand content offered by the broadcaster.
Note that addibnal ondemand content is stored on a8.
dedicated welserver

2. A smallscale computebased solution including LTE

Evolved Packet Core (EPC), MBMS and radio stack
permits the delivery of the broadcast signal (MPEGS
over RealTime TransportProtocol - RTP) over LTE
downlink and the allocation of the remaining unicast
capacity for ordemand traffic.

Internet connectivity provides access to the servers with
on-demand content. Broadcasters can direct users to their
own content repositories.

Smat phones with Expwayds mi
watch live TV programmes via the broadcast system and
on-demand content via a mobile web application and a
unicast internet connection.

A smartphone acting as a 4¢ep-box forwards the original
MPEG-2 TS toa TV-set that can tune in to the live TV
signal with the possibility to access HbbTV services

The EPC is connected to the eNB that serves 4 RRHs in the
urban and rural areas of the city.

The signal is transported to the RRH which can transmit
the radio sigal.

On air, an LTE sutframe is configured with 60% capacity
dedicated for broadcast and 40% capacity for unicast
traffic.

doc
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Fig. 6. A demonstration example of HBS showcase aBhmpean Championships 2018

With this setup it is possible tadhlight operation modes later, establish a unicast connection to accessemand and
available in LTE eMBMS Releaskt. By using dedicated added value content from the HBSrver.
broadcast carriers as introduced in LTE eMBMS Relddse
with selfcontained signalling providing no need to register the V. DEMONSTRATOR LARGE SCALE MEDIA DELIVERY
UE, of uplink, or of a SIM card. The additional unicas POWERED BYMOOD AND FREETO-AIR DISTRIBUTION TOTV'S
connection can be provided by means of a regular unicast AND SMARTPHONES

carrier (e.g. LTE unicast). From the Core Network point of Here the primary objective is to demonstrate the capability of
view, this showcase also demonstrates the possibility §6 technology to deliver traitinal alwayson linear TV with
Operating a dedicated broadcast network Only with ”mitegddedvajue content omemand and’ furthermore, the
functionalities (e.g. BMS-GW, BM-SC), without the need of scalability of the 5G system providing sustained quality of
deploying the full set of functionalities from the core networlexperience for increasing demands of kiglality content and
when unicast traffic is not going to be provided. Fig. 5 showe seamless switching between broadcast andstrietivery

an overview of the showcase using the Munich testbed. modes powered by MBMS operation on Demand.

C. Demonstrations and Results A. Concept and Relation to Use Cases

One of the Ry points of this showcase is the development of Fora largescale distribution of popular content such as live
two applications for the smartphone for the demonstratiogborts, media delivery is not always based on broadcast
purpose. One application is developed in order to providgchnology, but unicast transmissions can alap @ role in the
hybrid services (the combination of linear and +iorar complete system in order to serve specific demands from
content) directly on the smartph® so that different TV individual users. The demonstrator aims at showing: 1) when
services (within the MPEG'S) over eMBMS can be tuned andynijcast and broadcast capabilities are essential for an efficient
displayed on the screen. The first app is able to identify wheyovision of media content; 2) how the eMBMS technology
HbbTV signalling is present in the stream so that access ({&., LTE Broadcast) can optimize the network resources for

additional content over the internet can be predidThe add  the mobile network operator during the important events with
on content showed in the smartphone is retrieved from a wgfe aid of MooD.

server where an HTML site has been developed by the service ) o

provider allocating the desired information, in this case, relat&yi Technical Desaption

to the European Championships (statistics, informatiauab ~ 5G technology should be able to support the delivery of live

sports, schedules, etc). The other app is developed in ordefm¥6programmes to user devices witha broadcast mode where

forward the MPEGTS to an IPTVset able to show the live TV the live TV programme is delivered according to Quality of

programme and also an HbbTV app prepared on purpose wi@rvice (QoS) and coverage requirements defined by the

the correct format to be displayed on the-3af. service provider, 2) an adaptive unicast/broadcast switching
A demonstration exanig is presented iffig. 6. Given that mode where live TV, encoded with multiple Dynamic Atz

the 5G technologies were not fully developed at the time of tireaming over HTTP (DASH) profiles, can adapt to user

European Championships 2018, the showcase incorporated @gghand and reception conditions.

available pre5G technologies. However, the showcase still) Adaptive Unicast/Broadcast switching according to

enables us to explore the ability afirrent and future 3GPP demand

based 4G/5G specifications to provide an HBS user experiencé live stream is originally delivered over unicast to a few

in a fully wireless environment combining broadcast ang@martphones. The content then becomes popular, the MooD

unicast transmission to, first, access the broadcast signal ai§@ture is activated, and the network automatically switches to
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broadcast system and -demand content via a mobile web

». ADD-ON CONTENT _;Wm-‘
P — w T (A) Moob ﬂwwﬁ application and a unicast internet connection. Users can select
=Y [ i«A,)) swrcima 1 to watch the live TV programme via broadcast or chose another
DASHSWAMN’;_ e - E‘A))) WITCH TC str_eam via a un_icast link. When thadﬂe_nce consuming the
. 2 unicast stream increases over a certain threshold, an MBMS
m | z S‘A’)) % == session is established thanks to MooD feature so that the users
' H TR ) 2mers 3 mers transparently switch between unicast and MBMS. When the
NTPSminmn || EBOX o demand decreases, users can again be served via ufitvast
EBU IRT =x=v Live TV WITH ADDITIONAL UNICAST SERVICES reception of the live TV programme over broadcast is not
m affected by the increasing number of users.
T ;

V. DEMONSTRATOR CONVERGEDAUTONOMOUSMOOD IN
FIXED/MOBILE NETWORKS

British Telecom (BT)and Expway have worked together to

broadcast mode to optimize the overall system resource us&geduce this demonstrator, to show enabling features proposed

and toguarantee the QoS. The smartphones with eMBMR&Y 5GXcast from the content distribution framework (CDF)

middleware istalled automatically switch to broadcast if theyP0int of view[30]. We highlight the following features to be

are in the coverage area of that signal. The switching gemonstrated through the integration of the live, unmodified,

transparent to the users who do not experience any interruptl%-lq Sport commercial Service with the 5@ast (_:DF:

while watching the content. When the content becomes less '€ use of multicast/broadcast as an internal network

popular, the network autaatically switches back to unicast  CPtimization, rather than as a seeito be sold. _

while ensuring the smooth playback experienced by the efid 1he use of simple unicast interfaces with content service

users. providers to simplify integration and facilitate adoption.

2) Live TV Broadcast with embedded HbbTV signalling 1 How glient applications do Qot require any modification to
Recall the first HBS demonstrator as shown in Sedtigin benefit from the use of multicast/broadcast. _

this demonstrator live TV content and the signalling for th§ How the framework ispplicable to both fixed and mobile

access to addn services based on the HbbTV standard are both networks.

included in an MPE TS and transmitted over eMBMS. Thep Concept and Relation to Use Cases

broadcast signal is received &tationary eMBMSenabled TV . . .
. ) . The concept of this demonstrator is to realize
receivers and by smartphones simultaneously and without the

need for unicast connectivity. Users can access additional 6|;1]1[t:)le0nr1kesnt3\t/|gr§motl‘o th:.n C;EF hf‘f‘m:‘t’& fL);i?'c:InghaTgr?llgs
demand content either via a HbbTV application on TV sets gf W ' ! gain insight 1 practi 9

an HTML-based application on mobile phonekeTordemand i.mplemenmg the framework.anq testing the.feasibility 9f
content is delivered over the unicast link in the mobile networka0YS approaches. The resulting implementations potentially

Two different types of content should be made available: tt? low the beneﬁtg of the framework to be communicated in a
visual and engaging way.

main live TV programme to be broadcast and a stream of aW . . .
. . . ) e chmse to build two instances, one for the fixed network
second programme, encoded with DASH with multiple profiles . . -
sq one for the mobile. While they share similar components,

to adapt user requirements. Both services streamed via unic;{ U™ 1 ave different requirements in  terms of network
and live broadcast TV can be delivered in parallel using aarc%itecture For exam |(g the fixed network features a home
maximum of 60% (up to 3GPP Reledk$ or 80% (from 3GPP ; pie,

Releasel4) system resources for broadcast within the Sanggteway Wh'.Ch terminates a_broadband conne_ctlon_ and allows
system in-home devices to coeat wirelessly over WFi, while the

mobile network includes a cellular base station that provides a
C. Demonstrabns and Results radio connection direct to the mobile UE.

Similar to the HBS demonstrator and showcase as presentedhe demonstrator can show how the framework is able to
in Sectionslll, this demonstrator makes use of the origing#t€er unicast stream onto multicast/broadcast deliverp as
content provided by the EBU rdm the European function of the audience size. This can be accomplished by
Championships 2018 encapsulated in a MPESS displayed using MooD and allows video playback to continue
on IRT HbbTV apps. Expway also provides arvimdbne uninterrupted during a delivery mechanism switching event.
system called eBox, which enables broadcaAst capabilitigs Technical Description
power ed by t hSCinEhe poeetywdrksandghd

- . . The configuration for the mobile demonstrator is shown in
E x p wa y 6 ewvarendnahe Ismartphones. An ecosystem |§ . . . :
illustrated inFig. 7. Ig. 8 It comprises a content source in HTTP live streaming

The demonstration is aiming to employ the commerciaq_'LS.) for.mat .Wh'Ch t_he BMSC mgt_asts In response to
. . . : configuration information sent to it by the broadcast
equipment enabled with the specific middleware to realize the

operations explained abovePoVSENg p%\nsgﬁ:'ranh% gT%'ikaﬁmSE‘u(e%%‘aagés
middleware allow user® watch live TV programmes via the

Fig. 7. An ecosystem for demonstratindamge scalemediadelivery powere
by MooD and fredo-air distribution to TVs andmartphones
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Provisioning DNS Hijack Mobile Phone
M ) / Redirector
For LTE

N LTE Adaptation Layer
[_FLUTE | Network J .
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Fig. 10.Demonstrator architecture

BT Expway Amarisoft

Fig. 8.Demonstrator configuration for mobile case

Fig. 9.Demonstrator configuration for fixeuetwork

MBMS capable device which also includes an adaptation lay:
and Expwayds MBMS middl ewar

Scheduling Perio1SP Server in the diagram). When the BT
Sport App makes a request for content, this is detected by t
request outing component that redirects the request to th

adaptation layer. Here, the request is inspected and WGacty to an appropriate multicast address. When the MSP
appropriate MBMS service is activated through the use of th@er makes the match, it joins the appropriate multicast
MSP client. This causes the HLS content to start being receivggyress and starts to receive media segments which are placed
and is placed in the MSServer cache where the adaptatiofl, the cache. The segments atbsequently forwarded to the
layer is able to request it and forward it on to the BT Sport Apg,, 55 HTTP responses. Initial requests made to the MSP server

The app remains unmodified and is not aware of the use gf, need to be satisfied by unicast prior to the cache being
multicast/broadcast. The adaptation layer allows it to Operatep?épulated with the required content.

a simple unicast client

MooD is implemented in the BMBC where a consumption C. Demonstration Setup and Results
reporting component monitors the demand for content andFor the demonstration, a hidgével architecture of the
through the multicast coordination entity (MCE) is able talemonstrator is shown iRig. 1Q Local content is provided
activate and deactivate MBMS  services. Thugjsing VLC to playback a 30 min football sequence on a loop.
multicast/broadcast is used as an internakogkt optimization This is encoded and packaged by the FFMPEG -sperce
leaving the content service provider and client application witRultimedia suite, and macavailable to the framework through
simple unicast interfaces. The mobile network aspects of thewebserver. The content is generated locally to avoid any

components. streams are intended for the UK while the demonstrator may be

The approach taken for the fixed network demonstris ShOwn  elsewhere.  The eBox compots in  both
largely similar, although slightly simpler as shownFiig. 9. implementations ingest the unicast content and prepare it for

The same content source and S/BPM components are dellv_ery over muluqast. It r_;llso includes an analytics server_for
. . monitoring the audience size. The provision manager provides
present and are configured to ingest the HLS content and stream

it out on a multicast address as configured through the BPM. means for configuring and scheduling streams. dnmibbile

. : Hse, an LTE network is provided using Amarisoft software
the ixed network, the introduction of a home gateway (HGWQ, \hjeq with a software defined radio unit programmed as an

affects how content is received. When the app requests CONteRig  |n the fixed case, the network is terminated with &FWi
the request routing component directs the request towards hepled residential gateway, as presentddgnil

MSP server running on the HGW. An adaptation layer is not The BT Sportapplication is installed on Bittium mobile
required as the BIP server is able to match the requested URL

nnel

Fig. 11. Mobile (UP) and fixed (DOWN) network implementations.
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MooD Demo

N
o

Fig. 13. A block diagram for thelemonstrator oHybrid Broadcast Servis
with Multi-Link.

A. Concept and Relation to Use Cases

The overall concept of the demonstrator can be explained in
the following steps: a UE such as mobile device is on the edge
of the broadcasir multicast area experiencing poor broadcast
or multicast service or a mobile user is going in and out of that
broadcast or multicast coverage area; the content transmitted
from the MultiLink Gateway (ML-GW, the server) down to the
viewing device is splior duplicated over available links being
them networks from different operators or even using different
Fig. 12. Unicast delivery of a single live stream (UP) amddaicast delivery technologies. The MIGW is able to dynamic balance traffic
multiple devics (DOWN) . ' . ..

according to reception performance. The decision whether to

devicesin the mobile case and tablets in the fixed case. TRRIIt or to duplicate dependsnothe desirable gains in
Bittium mobile devices are MBMS8nabled out of the box. In throughput, ancillary information and reliability, and a function
both cases. redgime visual indication of the load on the Of the link conditions; the content is reassembled at the viewing

network is provided, as in Fig.2. This shows how unicast device (with eventual duplicates removed) as a coherent data

delivery can be used when one device is consuming content, Biiam ready for viewing. The contetself is not manipulated

that broadcast delivery is used when two devices are consumigch means that the delivery is completely transparent to the

the same content. The example results in Fig. 12 apply for b&Pntent. o ) o
fixed and mobile networks, showing haie audience size can BY Mmeans of mulilink it is possible to show the possibility
be used to make the decision about when to switch content oft@chieve: o _ _
multicast/broadcast. More details and visual verification for this ~ Better reliability and availability of the service against
demonstrator can be found onlif84], which also verifies that fluctuation inbandwidth, latency or error rate and enabling
the switch between delivery modes does not impact on the & Seamless ftransition between sifigiger 2link and
continuous video playout experienced by the end user. multi-link could be achieved in a reliable way due to the
use of simultaneous multiple networks.
VI. DEMONSTRATOR HYBRID BRoADCASTSERVICEWITH 1 Increased bandwidth with the possibility to deliver
MULTI-LINK broadbad content that would be impossible to deliver over
a single link.
Better mobility support with seamless transitions between
coverage areas of different networks or technologies, with
continuous QoS and QoE

The demonstrator is developed by Buniilbsand IRT with

the support of LiveU and the EBU. The main objectives of thie

demonstrators are to:

1 Improve reliability, bandwidth, mobility and traffic
optimization by multilink connectivity between different B. Technical Description
radio access technologies and networks. The architecture of the denstrator is based on the concepts

1 Creae a virtual single broadband connection by th@eveloped in 56&Xcast as shown ifFig. 13 where the key
simultaneous use of multiple networks in a dynamic wayp|ocks are explained below:

1 Improve user experience when moving from outdoor A ML-CP: additional functionality in the control plane of the
4G/5G connectivity to indoor Wi with a seamless mobile core network, which performs the estimation of QoS
viewing experience. parameters (e.g latency, jitter or datagram loss) for data

1 Demonstrate MultLink protocol br enhanced broadcasttransfer via each available link, mdlithk session setup and
delivery using ordemand video stream repair via unicastrelease;

A ML-UP: addition&functionality in the user plane of the
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shown inFig. 15 indicates improved reliabilityybmulti-link
bonding at the user device.

VIl. DEMONSTRATOR i BRECASTERD G OBJECT-BASED
MEDIA OVER MULTICAST AND UNICAST

British BroadcastingCorporation (BBC), with support of
5GIC, has developed a demonstrator to show an OBM approach
to content deliveryThis demonstrator has two objectives:

1 Delivering an enhanceaudio/video media experience, in
which the presentation of th
environment, t he user bs pr
capabilities and includes personalization. This is achieved
by using an objedbased approach, in which the metia
split into multiple objects (e.g. video, audio, images,
subtitles, etc.). These are then independently delivered to
the device, where they are rendered adaptively.

1 Reducing the resource cost of delivering high quality
personalised live media contentatdarge audience over IP
by using multicast for bandwidtheavy and/or commonly
used objects, as opposed to conventional unicast. This is
achieved reliably by using the Dynamic Adaptive
Streaming over IP Multicast (DASM) system, developed
by t he BH&a@tmenRA D

The demonstrator consists of an objeated weather
forecast, thus named fAForecast
traditional weather forecast intoultiple objects. In this case
the objects include an MPEBASH video of the presenter, the
Fig. 15. An example demonstration of B&th Multi-Link. presenter ds -BABH Videg of a sign BIrfgEBRG

presenter, subtitles, and image assets (which include some
mobile core network, which performs data splitting, IP tunnglersonalization We deliver the MPE@ASH vides over
establishment; multicast, via the DASM system, while delivering the image

A ML-MW: ML middleware (ML-MW) functionality in the ~assets over unicast. The objects are seamlessly combined on the
UE between the Application and the lower transport level§)Es into a single, responsive, experience. The OBM using
which performs data combining, signalling (channel qualitiPASM system has been trialled in the Surrey testbed, where we
data transmitting), caching, providing ML session setup requese ab¢ to integrate the DASM system into the 5G network
(QoS parameters). within hours, thanks to the network features SDN/NFV/MEC.

A ML-GW is able to reroute the data packets through théere, the architecture (see Fig. 16) and setup are close to that
different available links, and the MMW performs the described in Section IV dB3], however, in this instance, the
adequate data merger operation at the UE. TheMW\_ at the Generic Routig Encapsulation (GRE) tunnel terminates on a
viewing user sideommunicates with the MIGW which can test server at the exhibition venue. The multicast packets within
be located either at the core network, the publisher, or the clothis tunnel are then decapsulated and passed to the DASM
These two entites (MIGW and MLMW) exchange
information about the performance of each link.

Fig. 14. Demonstrator setup and hardware componentsybfid Broadcas
Service with MultiLink.

C. Demonstration Setup and Results Fxhibision Venue
The demonstrator setug ishown inFig. 14 where the Content

hardware components are depicted. The riaki server is | " —= '|
able to reroute the data packets through the different availat - |

links, and in this case, Wi as the unicast connection and a |

T

Test server

Internet | GRE

multicast session over eMBMS. At theenend, the mukiink B I - e
client performs an adequate data merger operation between - \/ B
traffic delivered vianulticast and unicast. In our case, the clien | | il [ hant

is able to analyse the multicast traffic from the eMBMS | | \ [/ Clent [ —
connection and evaluate packet losses. Icéise that a packet |=< [ 1] 1~
drops and errors occur in the eMBMS multicast stream, a rep: \V
mechanism starts and the missing packets/chunks are reques

to the server and sent via the unicast link. An eplamesult  Fig. 16. Architecture of the OBM demonstrator.

UC: Unieast: MC: Multieast
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Fig. 18 PW demonstrator architecture

As detailed in[20][34], the system has been successfully
demonstrated, simulaty an accident taking place in a port.
Alert content describing the incident and providing instructions
for the alert recipients has been generated and transmitted using
Client Proxy. As indicated iffig. 17,the UE then renders the the developed system. _
objects depending upon several factors, including userThe delivery using eMBMS appeared to be robust. Dynamic
preferences (for example choosing between the main preserstggctrumallocation has been demonstrated successfully. In the
or a sign language presenter), device orientation (portrait @monstration both LiveU multink Databridge and eMBMS
landscape), and unique personalization to the iséh form devices connected rather quickly to the dynamically added

of icons for the | ocation gthor 39 oor]flaagrigg%eg%ne e}vqilqblg.{iggging&q{me.?tiqpa \

on the LiveU Da een demons with multiple
map)[20][21]. LTE networks being used concurrently to deliver the data to
several UEs, where the LiveU Databridge acted as #&iWi
access point via which the alerts were transmitted to the UEs.

Fig.170BM demonstrator fAForecaster!

VIIl. PWDEMONSTRATOR MULTIMEDIA PuBLIC WARNING,
SPECTRUMMANAGEMENT AND MULTI-LINK

For the multimedia PW demonstrator, the main objectives afg. DEMONSTRATOR RELIABLE MULTICAST DELIVERY IN 5G
to showcase various capabilities to deliver multimedia public NETWORKS

warning efficiently and know how to inefie relevant  rnig qemonstration shows the gains achieved by reliable

information in the warning for people who are, for exampléy, icast delivery in 5G networks. This includes the gains in
hearingimpaired or visuallympaired, as well as including 5,4 tradeoffs among resource consumption, spectral

additional context information. - o _efficiency, and QoE when multicast is introduced as a radio
To allow reliable transmission of the multimedia publicy.ceqs netark optimization- against unicast delivery mode
warning alert, transmission of th&rt combining broadcasting, for delivering popular content. The demonstration also

dynamic spectrum use and bonding several connections using, . . I
multi-link is demonstrated. With broadcast, the maximunh'ghllghts the effects of using application layer methods, such

number of users can be reached while avoiding congestionalﬁ.MPEGDASH [3.5] gt_reammg aqd muHmIl< delivery, on the
iciency and reliability of multicast delivery. Overall, the

the network. Not all users necessarily have brostdegeption € 4 . . :
capable terminalgnd therefore the alert is fetched over unica@PServations aim to contribute to a deeper understanding of the
connection by such terminals. Further, to increase the capacifjProvements achieved and to derive the conditions under
spectrum management is utilized to allow for dynamic additiofhich deployment of such technologies benefits the-emend

of capacity bonded in the demonstration with falirk. network.
The public warning application supporting multimediay Concept and Relation to Use Cases

content in the UE is developed, to provide illustrative In liaht of the ab ioned obiecti his d

information for the alert recipierf1]. Information such as n light o rt] eMié)vemenrlong N JePC_tll\'\//leatl.'S e;nonstra’:or

maps/pictures/audio/text was demonstrated. The demonstraﬁgﬁ“fses onthe vertical and uses elivery for popular
ultimedia content, such as Olympiarges or weekhaired

system includes a default network (Public LTE) and h h h T
additional network on Band 28 to demonstrate the performankd SNOW where most users consume the same content. To

improvement of ML and dynamic spectrum management, g%amtain and/or provide high user experience when compared
shownin Fig. 18. In this system, a new spectrum resource tQ pure unicast transmission, the demonstrator also shows the
defined and created. The additional spectrum capacity is ad(ﬂ%em'al benefits (?f using a combination of multicast and
to the default LTE link as a second link in the same network b{'cast mOde of d(_ahverles for the UE. that could be affected by
using the bonded mullink. The trigger for the PW alert is sent’ EI\TSUIUC%'[ service coverage, for instance at the edge of an
using tke Public LTE to the UE. The UE receives the¥ area.

multimedia comppnents primarily using the eMBMS broadcas. Technical Description

Further, the receivers that are not broadcast capable fetch thel’he demonstration is carried out for different scenarios

content via the bonded unicast capacity. where the content delivery is done g PTP only, 2) PTM















